Abstract A high-average power FEL is under construction at Los Alamos. The FEL will have aspects of both an oscillator and a SASE (self-amplified spontaneous emission) device. That is, a high-gain and high-extraction efficiency wiggler will be used with a very low-Q optical resonator. FEL simulations reveal that a tapered wiggler with two-plane focusing is required to obtain desired performance.
The wiggler is comprised of a 1 meter long untapered section followed by a 1 meter tapered section. The taper is achieved with the magnetic gap and not the wiggler period which is constant at 2 cm. The gap is tapered from 5.9 mm to 8.8 mm. The gap, rather than the period, is tapered to avoid vignetting of the 16 pm optical beam. Two-plane focusing is necessary to maintain high current density and thus high gain through out the 2 meter long wiggler. pm. The FEL has aspects of both an oscillator and a SASE device. To achieve high-average power the optical resonator is designed with large output coupling (-98%). Therefore, the wiggler must provide both high gain and high extraction efficiency. To achieve high-gain, and thus high electron current-density, simulations [ 13 indicate it is necessary to have two-plane focusing. The high extraction efficiency requirement leads us to a wiggler design that includes a taper. The taper is achieved using the magnetic gap rather than the magnetic period. The larger gap avoids vignetting of the optical beam which has non-negligible tails that are critically important to the optical resonator [ 13.
\
In addition to the physics requirements mentioned above other constraints are imposed on the wiggler design. Because we are modifying an existing facility (AFEL [2] ) the wiggler length is limited to 2 meters or less. A1so;funding and schedule require the design to be inexpensive and as simple as possible. More details regarding the overall plans for the highaverage power experiment can be found in these proceedings [3] .
Magnetic Design
All of the wigglers (-10) fabricated during the Los Alamos FEL program have been of the pure permanent-magnet design with single-plane focusing. Our lack of experience and tight schedule precluded us from considering hybrid wigglers even though they can be easily adapted to have two-plane focusing [4] . Designs for two-plane focusing pure permanentmagnet [5, 6] and hybrid wigglers have been previously, investigated [7- 91. The magnet geomeay we decided upon is illustrated in Fig. 1 . The configuration is a standard Halbach type with 4 blocks (SmCo) per period. The magnetic period is constant at 20 mm along the entire 2-meter long I wiggler. The magnetic gap is 5.9 mm for the first meter and tapered to 8.8 mm over the second meter. The wiggler is built in four 50 cm long segments.
The second two segments are independently linearly-tapered in gap resulting in each having a field'taper that is exponential. The desired lineartaper in field is well approximated by two exponential tapers because the taper is not large.
curved pole face design. Focusing comes from the alternating gradient sextupole field and is often called natural or betatron focusing [4] . The design code RADIA [lo] was used to optimize the magnet geometry. The depth and width of the step machined into the magnet was optimized to both provide equal plane focusing (approximately) and to keep the aperture as large as possible. All the magnets are machined identically. The distance to the comer of the step (dimension b in Fig. 1 ) is larger (3.1 1 mm) than the half-gap (2.95 mm) for the first meter of wiggler and is slightly smaller (4.0 mm) than the half-gap (4.4 mm) at the end of the wiggler.
The magnets are machined to make a first order approximation to the .
Results and Discussion
To second order the vertical field of the wiggler is expressed as,
J
where By0 ( z ) is a slowly varying function that describes the taper. Figure 2 shows the variation of the calculated wiggler field off-axis at a z-location where the gap is 5. over the second meter of the wiggler. Figure 3 shows the ideal and predicted localized betatron-wavenumbers at various gap values along the taper. The agreement is not perfect because the magnets are cut to give only a first-order approximation to aparabolic field profile. Also, to save time and money we chose not to vary the dimensions of the magnet cross-section along the taper which would have allowed optimization at all gaps. Figure 4 shows betatron orbits in both the wiggle (x-z) and nonwiggle (y-z) planes for electrons that enter the wiggler with various initial conditions. The two-plane focusing is clearly evident.
summary
A pure permanent-magnet, two-plane focusing, tapered wiggler is designed and under construction. The wiggler design is simple and inexpensive. The magnets are machined to generate a parabolic transverse field profile. The focusing comes from an alternating-gradient sextupole field. The magnetic taper is done by increasing the gap rather than the period to avoid vignetting of the optical beam. 
